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ABSTRACT 
Soybean cyst nematode (Heterodera glycines', SCN) causes the greatest yield 
losses of all diseases on soybean [Glycine max (L.) Merr.] in Iowa. Growing SCN-
resistant varieties in rotation with non-host crops and SCN-susceptible varieties is the 
current management recommendation for SCN in Iowa. Previous research has shown that 
SCN population densities are positively correlated with soil pH. The correlation may 
reduce the efficacy of the current SCN management recommendation in northern and 
central Iowa, which is located in the Des Moines lobe area, a calcareous soil area with 
high pH soil. The hypothesis for this research is that additional management strategies, 
such as the use of a nematicide (aldicarb), may need to be considered added to the current 
SCN management recommendations in Iowa. The objective of this study was to evaluate 
the effect of nematicide in combination with SCN-resistant soybean varieties on grain 
yield and SCN population densities in fields with different soil pH. Main plots were two 
planting dates (early versus late May). The sub-plots were four rates of aldicarb [2-
methyl-2(methylthio) propionaldehyde O-(methylcarbamoyl) oxime], applied in-furrow (0.0, 
0.8, 1.7 and 2.5 kg a.i. ha"1), and the sub-subplots were ten glyphosate-resistant soybean 
varieties with different reactions to SCN. The experiment was conducted at two northern 
locations, one central, and one southern location in Iowa from 2004 to 2005. Soil samples 
were collected from each plot at planting and at harvest to determine the initial (Pi) and 
final (Pf) population densities of SCN. Overall, early planting date improved yield. This 
improvement may be a combination of increased biomass accumulation and diapause of 
SCN eggs early in the spring. Grain yield and SCN population densities were not 
influenced by aldicarb. Differences in yield were observed among varieties. However, all 
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sources of SCN resistance of the soybean varieties were equally efficient in managing 
SCN. It was concluded that aldicarb should not be used as an additional SCN 
management strategy in Iowa. Crop rotation and use of SCN-resistant varieties are still 
the most efficient ways to manage SCN in Iowa, even at high pH soils. 
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INTRODUCTION 
With almost 57% of the total production around the world, soybean [Glycine max 
(L.) Merr.] is the largest oilseed crop worldwide (FAO, 2005). The United States is the 
largest producer of soybean in the world, with more than 33 million ha harvested in 2004 
(USDA, 2005). Iowa is the leading producer of soybean in the United States, representing 
more than $1.5 billion to the Iowa economy every year (USDA, 2006). The soybean area 
has increased tremendously in the north central part of United States, where more than 
78% of the soybean in the country are grown today (Wrather et al., 2001). The increase in 
production has lead to more yield losses from pathogens because of shorter rotations 
(Riggs and Niblack, 1999). Heterodera glycines Ichinohe, known as soybean cyst 
nematode or SCN, causes the greatest losses of any other single pathogen on soybean 
(Riggs and Niblack, 1999). The losses caused by SCN have been estimated to be more 
than 3 million metric tons worldwide (Sinclair and Hartman, 1999), with almost 2 million 
metric tons in the United States alone in 2005 (Wrather and Koenning, 2006). 
Today, the best strategies to manage SCN in Iowa are to grow SCN-resistant 
soybean varieties in rotation with non-host crops and SCN-susceptible soybean varieties 
(Anonymous, 2003). However, a positive correlation between SCN and soil pH has been 
documented (Tylka et al., 1998; Grau et al., 2003; Grau et al., 2005). This correlation 
may reduce the efficacy of the current management recommendations. This is particularly 
the case in the Des Moines lobe soil region in north central Iowa, which is characterized 
by calcareous soils with moderate to high soil pH (Steinwand and Fenton, 1995). Based 
on the correlation between soil pH and SCN population densities, it is the hypothesis that 
additional management strategies may be needed in conjunction with the use of SCN-
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resistant varieties and crop rotation when implementing a SCN management program on 
high pH soils. The objective of this study was to evaluate the effect of aldicarb in 
combination with SCN-resistant soybean varieties on grain yield and SCN population 
densities in fields naturally infested with SCN under different soil pH. The experiment 
was conducted at two planting dates (early versus late May) to evaluate the temperature 
effect on aldicarb previously mentioned by Lemley et al. (1998). 
3 
LITERATURE REVIEW 
Biology and life cycle 
Cyst nematodes (genera Heterodera and Globodera) and the root-knot nematodes 
(genus Meloidogyne) are the two main sedentary endoparasitic species which are known 
to be the most damaging nematodes on soybean (Williamson and Hussey, 1996). Among 
them, there is one species that is considered to be the most damaging pathogen on 
soybean worldwide. This species is Heterodera glycines Ichinohe, commonly named the 
soybean cyst nematode (SCN). This pathogen was first detected in Iowa in 1978 
(Edwards, 1988) and is present in more than 70% of the fields in Iowa (Workneh et al., 
1999a). 
In colder environments, SCN completes three to four life cycles per year (Noel, 
1985). However, numbers of SCN cysts, eggs, and juveniles peak in June-July, 
supporting the interpretation of a single main SCN generation annually (Yen et al., 1995). 
In warmer regions, it may have six to seven generations (Noel, 1985). In order to 
complete its life cycle (Fig. 1), SCN needs to induce and maintain feeding cells, which 
are plant root cells modified due to one or more stimuli produced by the nematode 
(Williamson and Hussey, 1996; Buchanan et al., 2000; Gheysen and Fenoll, 2002). After 
a successful induction of these modified cells, the feeding process is initiated and the 
nematode becomes sedentary, spending most of its life closely associated with the 
surrounding root cells (Williamson and Hussey, 1996; Buchanan et al., 2000; Gheysen 
and Fenoll, 2002). The modified root cells function to provide nutrients to the nematode 
(Hussey, 1989; Gheysen and Fenoll, 2002). Consequently, root functions are disrupted, 
influencing growth and development of the soybean plant (Wang et al., 2003). 
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The adult SCN female, known as the cyst after its death, provides strong, natural 
protection to the eggs inside its body, keeping them dormant and viable for several years 
in the soil (Williamson and Hussey, 1996). Dormant eggs recognize chemical signals, 
still uncharacterized from soybean roots, thus, they hatch releasing second-stage juvenile 
nematodes. The disease cycle then is initiated. This second-stage juvenile penetrates the 
root through its apical part (Buchanan et al., 2000). After penetration, the nematode 
migrates to vascular tissues and initiates the feeding process by piercing its stylet into 
peri cycle, endodermis or cortex cells (Williamson and Hussey, 1996). The nematode 
feeds by withdrawing nutrients with its stylet through a very small orifice created in the 
cell membrane (Sijmons et al., 1994; Williamson and Hussey, 1996). The SCN juvenile 
penetration and movements through the plant root tissues causes necrosis from the 
entrance to the site where this nematode sets up its feeding site (Sijmons et al., 1994). 
Often there is no visible aboveground symptom associated with SCN. This is 
particularly the case in high-yielding environments (Noel, 1992; Wang et al., 2003). 
Thus, the only symptom related to this nematode often is a continuous decrease in yield. 
Consequently, many SCN infestations remain undetected in the field for many years 
(Wang et al., 2003). 
Symptoms associated with SCN vary from none to severe. Plants can be stunted 
and have root reduction (Edwards, 1988; Riggs et al., 1999; Wang et al., 2003). Chlorotic 
leaf symptoms can also be found (Edwards, 1988; Riggs et al., 1999). Because the 
symptoms vary, they are often misinterpreted to be nutrient deficiency, drought stress, 
herbicide injury, or other soilborne pathogens (Edwards, 1988; Riggs et al., 1999). 
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Reproduction 
Reproduction of SCN can be influenced by soybean maturity group (MG), 
sources of SCN resistance, and environmental conditions (Wang et al., 2000). Wang et al. 
(2000) investigated 40 infested fields in the north central region of the United States and 
highlighted that SCN-resistant soybean varieties with a later MG have a tendency to have 
greater SCN population densities in the end of the growing season than varieties of an 
earlier MG. They observed that resistant varieties in MG I and II reduced SCN 
population densities more efficiently than those in MG III and IV. It was speculated that 
the reason for this is that later MG usually have longer period for root growth due to a 
longer development cycle than an earlier MG. However, SCN population densities on 
SCN-susceptible varieties were similar in all MG (Wang et al., 2000). 
Wang et al. (2000) found that soil moisture and temperature play an important 
role in influencing SCN reproduction. Adverse environmental conditions, such as very 
low soil temperatures, may keep the eggs dormant (Koenning and Anand, 1991; Niblack 
and Chen, 2004). Heatherly et al. (1992) tested SCN-susceptible and resistant varieties 
and concluded that irrigation had no effect on SCN cyst numbers in Mississippi. 
However, a study conducted in Arkansas reported that the soil wetness affects SCN 
behavior and, consequently, it affects the performance of SCN-susceptible varieties 
(Johnson et al., 1993). This study showed that roots grown in wet and moderately wet 
soils had SCN feeding sites located mostly in the root cortex, where there is less 
interference with water transport through roots. While under drought stress conditions, 
roots had these feeding cells located mainly in the root stele instead of root cortex, 
depriving the plants even more of nutrients and water. These observations of the location 
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of the feeding cells may explain certain tolerance of SCN-susceptible varieties grown 
under well irrigated conditions and also it may explain why we often have seen the 
largest yield losses from SCN under drier conditions (Johnson et al., 1993). 
Young and Heatherly (1990) studied the relationship between soil texture and 
SCN reproduction in Tennessee and concluded that silt loam soils tend to have more SCN 
cysts and more eggs per cyst than clay soils. Based on random samples collected in 
Illinois, Iowa, Minnesota, Missouri, and Ohio, researchers concluded that there is an 
inverse relationship between SCN population densities and percentage of clay in no-tilled 
fields, but such a relationship was almost imperceptible in tilled fields (Workneh et al., 
1999b). Niblack et al. (1992) also observed the influence of soil texture on SCN 
reproduction. This study was conducted in Iowa and concluded that soils with high clay 
content would have more eggs per cyst than low clay soils. They speculated that this 
difference in eggs numbers could be due to an unidentified, parasitic fungus. 
Parasitic fungi of soybean cyst nematode 
The population densities of SCN are, to some extent, affected by factors present 
in the soil. However, usually these factors are not sufficient to control SCN numbers 
(Chen, 2004). Many of these factors are microorganisms, but only a few of these soil 
microorganisms attack SCN and could have potential to control SCN. Fungi are the most 
promising microorganisms to control SCN (Chen, 2004). Fungal endoparasites of 
vermiform nematodes are an example of these fungi. Soybean cyst nematode juveniles 
have been observed parasitized by Hirsutella rhossiliensis and Hirsutella minnesotensis, 
which are commonly found in Minnesota, South Dakota and Michigan (Liu and Chen, 
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2000; Liu and Chen, 2002). These two species produces adhesive conidia spores that get 
attached to the nematode, infecting and killing it (Liu and Chen, 2000). This study 
showed that H. rhossiliensis is the most common fungus parasitizing high percentages of 
nematodes, being detected in 43% of soils samples collected from soybean fields in 
southern Minnesota; while the other species (H. minnesotensis) was present in only 13% 
of the soil samples. Liu and Chen (2000) also observed that a higher presence of SCN in 
the soil increased the efficiency of detecting these fungi. Based on the number of SCN 
juveniles parasitized by both fungi in the same study, Liu and Chen (2000) concluded 
that the fungi reduced the initial population of SCN, and consequently, reduced the 
soybean plant injury by the nematode. 
Soil pH influences parasitic fungi and nutrient availability 
A field is considered to have high pH soil if its pH is above 7.4 (Sawyer et al., 
2002). In general, the soil pH considered ideal for leguminous crops is above 6.3 (Schulte 
et al., 1993). For soybean, it is recommended to lime the field if the soil pH is below 6.5 
(Sawyer et al., 2002). Soil pH above 6.5 is not considered sufficient for soybean, and 
these soils tend to have higher SCN population densities (Grau et al., 2005). 
Soil pH is important for optimum plant growth because it influences activity of 
microorganisms and availability of essential nutrients (Schulte et al., 1993). The ideal pH 
for the majority of soil microorganisms, such as Bradyrhizobium bacteria which are 
responsible for making atmospheric nitrogen available for legume plants as soybean, 
ranges from 6.0-7.5 (Schulte et al., 1993). In general, most soil nutrients are more 
available to plants between pH 6.0-7.0, being less available when soil pH moves towards 
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alkalinity or acidity. Molybdenum availability, unlike the other nutrients, is increased as 
pH increases (Schulte et al., 1993). 
Liu and Chen (2002) conducted an experiment to evaluate the effect of pH (4-10) 
on growth and sporulation of H. rhossiliensis and H. minnesotensis (SCN parasitic fungi) 
in vitro. The optimum pH for growth was 5.5 for H. minnesotensis and 6.0 for H. 
rhossiliensis. For sporulation, the ideal pH was 6.0 and 7.0 for H. minnesotensis and H. 
rhossiliensis, respectively. They concluded that the growth and sporulation of these fungi 
are not limited between pH 5-8. Values below 4 and above 9 reduced the growth and 
sporulation of the fungi (Liu and Chen, 2002). 
Correlation between soybean cyst nematode and soil pH 
There is a positive correlation between soil pH and SCN population densities 
(Tylka et al., 1998). It has been documented that SCN-resistant soybean varieties yield 
greater than SCN-susceptible varieties in areas infested with SCN (Grau et al., 2003; 
Wang et al., 2003) when soil pH was above 6.4 (Grau et al., 2003). Grau et al. (2003) 
concluded that the yield advantage of SCN-resistant varieties over SCN-susceptible 
generally was on average 270 - 1,140 kg ha"1, increasing with rising SCN population 
density and soil pH. Although SCN population densities increased during the growing 
season in all soils regardless of soil pH and SCN initial population densities, in high pH 
soils SCN final population densities constantly exceeded SCN final numbers in low pH 
soils (Grau et al., 2003). They also observed that the yield advantage of SCN-resistant 
varieties over SCN-susceptible may not be detected if soil pH of a particular field is 
below 6.4. 
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Yield loss 
Plants parasitized by SCN have poor root development (Niblack et al., 1986) 
because the nematodes disrupt normal root functions. Consequently, the soybean plant 
does not have an efficient water and nutrient uptake, which has a significant direct impact 
on soybean yield (Wang et al., 2003). 
Soybean yield losses caused by SCN can be estimated by comparing SCN-
susceptible soybean varieties treated and untreated with nematicide (Young, 1996), or 
comparing yield of SCN-resistant and SCN-susceptible soybean varieties, assuming both 
have the same or similar yield potential (G. L. Tylka, personal communication). The 
average grain yield losses in U.S. caused by SCN for 2003 through 2005 are estimated to 
be 2.8 million tons (Wrather and Koenning, 2006), which is valued at $785 million 
dollars every year (Wrather et al., 2003). The authors reported results from surveys on 
grain yield loss caused by common diseases in Iowa during 2000-2002. In all three years, 
SCN caused the greatest losses, being responsible for 71, 53 and 61% of the losses each 
year, respectively. There is a negative correlation between soybean yield and SCN initial 
population density present in the field prior planting (Niblack et al., 1992; Wang et al., 
2003). A yield loss as high as 100% is possible if the soil is heavily infested with SCN 
(Riggs and Schmitt, 1987). There was 20-30% yield loss in SCN infested fields even with 
the absence of severe stunting and chlorosis, symptoms commonly associated with SCN 
infestation (Noel, 1992; Riggs et al., 1999; Wang et al., 2003). 
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Management options 
There are two common concepts among all SCN-management strategies: the first 
is that nonhost crops such as corn (Zea mays L), oats (Avena sativa L), and alfalfa 
(Medicago sativa L.) reduce SCN population densities in the field (Koenning et al., 1993; 
Anonymous, 2003). The second is that SCN-resistant varieties tend to yield more than 
SCN-susceptible varieties in fields infested with SCN (Grau et al., 2003; Chen et al., 
2001a; Niblack and Chen, 2004), and have lower final SCN population densities than 
SCN-susceptible varieties (Chen et al., 2001a). 
Researches have tried during the last half century to device better management 
practices to improve soybean yield in fields infested with SCN (Niblack et al., 2003). The 
management of this parasite is considered challenging because it can survive in the soil 
without a host crop for many years and it can adapt to SCN-resistant varieties, allowing 
this nematode to perpetuate under several crop management systems (Niblack and Chen, 
2004). Due to the absence of symptoms (Noel, 1992; Young, 1996; Wang et al., 2003), it 
is therefore important to soil sample fields for SCN in order to verify its presence or to 
monitor the efficacy of the SCN-management strategy adopted (Young, 1996). 
Management recommendations for SCN-infested fields vary from state to state in 
the United States. Iowa has a 6-year SCN management strategy (Fig. 2) (Anonymous, 
2003). SCN-resistant soybean varieties (Niblack et al., 1993; Young, 1996) annually 
alternated with a nonhost crop is the tactic most often applied to reduce soybean yield 
losses caused by SCN (Anand and Brar, 1983; Young, 1984). 
Actions to start managing SCN are dependent on two factors: when soil samples 
were collected and the previous crop. Overall, if population densities range from 1-
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12,000 eggs 100 cm"3 following soybean or corn, Iowa State University recommends that 
growers should start managing SCN (Anonymous, 2003). 
Sources of SCN-resistance 
It is known that some sources of SCN-resistant varieties, such as Hartwig, tend to 
be low yielding (Young, 1996). However, in infested fields SCN-resistant varieties yield 
better than SCN-susceptible ones (Niblack et al., 1992; Grau et al., 2003; Wang et al., 
2003). The yield disadvantage that previously has been a limitation with SCN-resistant 
varieties is not a problem anymore. Today, SCN-resistant varieties yield similar to SCN-
susceptible varieties even in non to low-infested fields (P. Pedersen, personal 
communication). 
Wang et al. (2003) conducted a study at several locations in Iowa, Illinois and 
Missouri during 1997-1999 investigating the effects of SCN on soybean grain yield. They 
concluded that SCN-resistant varieties consistently had higher grain yields than SCN-
susceptible varieties. They also observed at the Iowa location during one year that the 
yield of a resistant variety was 100% greater than that of a SCN-susceptible variety. 
There are few different sources of SCN-resistance genes in the U.S. (Skorupska et 
al., 1994). The three main genetic sources of SCN resistance available in commercial 
varieties are PI88788, Peking (PI548402), and Hartwig (PI437654). More than 97% of 
the SCN-resistant varieties are derived from PI88788 source of SCN resistance (Tylka, 
2006). This resistance involves 3-4 major genes and minor genes (Shannon and Anand, 
1997). Varieties that contain the same source not necessarily have the same genes in the 
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same combination (Tylka, 2004); consequently the level of resistance varies among 
varieties with the same source of SCN resistance (Niblack and Chen, 2004). 
It is not necessary to identify the race/HG type in order to choose the best SCN-
resistant variety as part of a SCN management. It is just necessary that the chosen SCN-
resistant variety contains a different source of SCN resistance from the one previously 
grown (G. L. Tylka, personal communication). Thus, continuous development of new 
resistant varieties is an important tool to better manage SCN (Wang et al., 2000). Besides 
that, it is necessary that researchers find innovative alternatives to improve the SCN-
management recommendations, which still remain a priority (Niblack et al., 1992). 
It is necessary to rotate SCN-resistant varieties which contain different sources of 
SCN resistance or change varieties regardless of pedigree (Young, 1998a) in order to 
reduce the selection pressure on SCN population to overcome SCN-resistant varieties 
(Young, 1992). The practical application of rotating varieties is important in order to 
reduce SCN population adaptation to SCN-resistance genes (Anand and Brar, 1983), 
because SCN populations selected on one particular SCN-resistant variety reproduce 
poorly on other SCN-resistant variety containing a different source of resistance (Anand 
and Brar, 1983). The rotation of SCN-resistant varieties is considered a viable 
management option if SCN population densities are low (1-4,000 eggs 100 cm"3) to 
moderate (4,001-16,000 eggs 100 cm"3) (Anonymous, 2003), and if frequencies of alleles 
for virulence are not high (Noel and Edwards, 1996). Besides reducing the SCN selection 
pressure (Young, 1992), this rotation also keeps SCN population densities low (Anand 
and Brar, 1983). 
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It is also recommended that resistant varieties to be rotated with a SCN-
susceptible variety (Young and Hartwig, 1988). This practice is intended to reduce 
selection pressure on SCN present in the field to avoid the formation of population 
densities able to reproduce and cause yield loss on resistant varieties (Young and 
Hartwig, 1988). By planting a SCN-susceptible variety, SCN population densities are 
stabilized and nematodes able to reproduce on a specific resistant variety are reduced due 
to competition. Consequently, a shift towards a SCN population that overcomes the 
resistance may be delayed or even negated somewhat (Young and Hartwig, 1988). 
Races and HG types of soybean cyst nematode 
In order to breed for SCN resistance, it was necessary to develop a classification 
scheme that would allow researchers to separate the main SCN genetic groups based on 
host compatibility (Niblack et al., 2002). In 1969, scientists proposed a race test scheme 
to assess SCN genetic variability (Golden et al., 1970). This race test is conducted in 
greenhouse and basically consists of counting SCN females that developed on four 
'differential soybean lines' (Peking or PI548402, Pickett, PI88788 and PI90763) planted 
in SCN-infested soil for 30 days. Race determination is done following a pattern of '+' 
and based on females count from a standard SCN-susceptible cultivar as Lee. If the 
female count from a particular differential line is equal or greater than 10% of the 
standard SCN-susceptible cultivar count, it is given a '+'; if the count is less than 10%, it 
is given the This pattern of '+' and '-' determines then the SCN race present in a 
specific field as shown in Table 1 (Golden et al., 1970). 
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The term race is used for fungi and bacteria species but not for SCN, because race 
describes individuals of a population, and conclusions can be addressed to individual 
genotypes. However, in terms of SCN, this traditional race test does not describe an 
individual SCN genotypic characteristic present in a field, but it describes an average of 
phenotypic SCN population. Thinking about a better way of describing SCN populations 
by making this race scheme more efficient for breeders and researchers, a group of 
specialists revised the traditional race scheme by replacing/adding new indicator soybean 
lines and the standard SCN-susceptible cultivar (Niblack et al., 2002). The new scheme is 
called HG type test, and consists of seven indicator lines [PI548402 (Peking), PI88788, 
PI90763, PI437654, PI209332, PI89772, and PI548316 (Cloud)], and Lee was replaced 
by Lee 74 due to more consistent results (Niblack et al., 2002). The HG types are also 
established based on a pattern described in Niblack et al. (2002). 
Nonhost crop 
In general, there is no difference among species of nonhost crops in terms of SCN 
mortality; however a few of them affect mortality more than others, such as annual 
ryegrass (Lolium multijlorum Lam.) (Francl and Dropkin, 1986; Riga et al., 2001). Other 
benefits of planting nonhost crops are that they expand the period of time necessary for 
SCN population densities to reach the threshold of reducing soybean yield (Noel and 
Edwards, 1996), and they give more time for parasite and predator populations to become 
established before SCN reaches large population densities (Noel and Edwards, 1996). 
The usage of a nonhost crop is a common practice in a SCN management 
recommendation. But the rate of reducing SCN population densities varies with nonhost 
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plant species, edaphic and climate factors. Soybean cyst nematode juvenile and egg 
numbers decrease without a host crop planted (Koenning et al. 1993). Long term 
rotations (5-10 year) with a non host crop will never eliminate future problems with SCN 
(Porter et al., 2001), because the remaining eggs may be dormant, but will hatch right 
after the host crop is planted, reinitiating the disease cycle (Yen et al., 1995). 
Consequently, all SCN-susceptible varieties, even when planted following a nonhost crop 
long term rotation (10 year), are still injured by SCN (Porter et al., 2001). A study 
conducted by Chen et al. (2001b) showed that the treatment that had the lowest SCN 
population densities and produced the highest yields in both crops was the annual rotation 
of SCN-resistant soybean varieties and corn. The treatments for this study were : i) 
monocultures of corn (Zea mays L ), SCN-resistant, and SCN-susceptible soybean; ii) 
SCN-susceptible soybean rotated with 1, 2, or 3 year of corn; iii) resistant soybean 
rotated annually with corn; and iv) rotation of corn-resistant soybean-corn-susceptible 
soybean. 
A study conducted in Missouri observed significant soybean yield increase when 
planted following a nonhost crop (Francl and Dropkin, 1986). In North Carolina, 
researchers showed a 10-40% soybean yield improvement when a soybean crop was 
planted following a nonhost crop grown during 1-2 year when compared with a 
monoculture of soybean (Koenning et al., 1993). Francl and Dropkin (1986) highlighted 
that the SCN numbers were reduced to satisfactory levels by planting a nonhost crop for 
2-3 year. Short-term rotation with nonhost crops may increase populations of unidentified 
SCN predators, pathogens and parasites and reflect in yield increase (Niblack et al., 1992; 
Noel and Edwards, 1996). 
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Nematicide 
Nematicides are not part of the SCN-management recommendations for Iowa 
because they are not consistently cost effective (G.L. Tylka, personal communication). 
Nevertheless, their application may need to be reconsidered in high pH soils because of 
higher SCN population densities. 
Studies conducted with aldicarb [2-methyl-2(methylthio) propionaldehyde O-
(methylcarbamoyl) oxime] have shown inconsistencies. Barker et al. (1988) concluded 
that most of this inconsistency is related to differences in aldicarb rates and soybean 
varieties. They also emphasized that a rate of nematicide can have a positive or negative 
effect on plant growth and grain yield depending on environment. Excessive rainfall after 
planting may cause no response to aldicarb due to leaching from the soil. 
Zirakparvar et al. (1980) conducted an experiment testing several nematicides at a 
SCN-infested field in Iowa. For this experiment, they used an infested field showing 
symptoms of SCN presence under soybean production for 2 years. Soil samples were 
collected at planting and 3 times more during the growing season to investigate cysts and 
juvenile numbers. However due to inconsistent results, it was not possible to conclude if 
aldicarb was more effective than any other nematicide in increasing yield and controlling 
SCN in Iowa. In Illinois, aldicarb showed to be a reasonable SCN-management 
alternative for infested fields (Noel, 1987). Due to conflicting results in managing SCN 
(Niblack et al., 1992), nematicides have shown inconsistent yield improvement of SCN-
susceptible varieties. 
Epps et al. (1981) conducted an experiment in Mississippi during 3 years in fields 
infested with SCN to evaluate the performance of SCN-resistant varieties and aldicarb in 
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controlling SCN. Based on a 3-year mean, they reported that untreated resistant variety 
Bedford yielded 32% greater than the average of three untreated SCN-susceptible 
varieties (Forrest, Centennial, and Tracy) but only 22% greater when the susceptible 
varieties were treated with aldicarb. Smith et al. (1991) tested the response of SCN-
susceptible and resistant varieties to aldicarb (5.43 kg a.i. ha"1 in furrow). They observed 
inconsistencies of the nematicide efficacy, as low yielding of treated soybean and 
ineffectiveness against SCN. Besides of these inconsistencies, Smith et al. (1991) 
concluded that the use of a nematicide is not an economical choice for SCN control based 
on a 2 year study in Missouri across 16 SCN-infested environments. However, Noel 
(1987) conducted a study in North Caroline and observed that aldicarb was a reasonable 
SCN management alternative for infested fields. 
Label rates of Aldicarb to control nematodes in soybean are from 11.2 - 22.4 kg 
ha"1 (Greenbook, 2005). Rates in excess of 7.8 kg ha"1 applied in furrow can negatively 
influence the crop by delaying plant emergence and by reducing the plant stand. Reduced 
degradation of the product, less absorption by the plant and contamination of the 
groundwater can occur if the soil temperature is below IOC during the nematicide 
application (Greenbook, 2005). 
Barker et al. (1988) conducted greenhouse and fields experiments in North 
Carolina in order to test soybean growth and yield response to aldicarb. They speculated 
that aldicarb could improve growth in environments with absence of SCN and high 
concentrations of organic matter. This high organic matter content improves the water-
holding capacity of the soil and probably may slow aldicarb leaching, making it available 
longer. In fact they observed that aldicarb did improve growth. However, this increase in 
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growth not always reflected yield increase. They also observed that aldicarb may delay 
plant senescence resulting in larger seeds. 
Planting date 
Altering planting date is not part of the 6-year SCN management recommendation 
by Iowa State University (Anonymous, 2003). Planting early may be a practice 
recommended to manage SCN and improve soybean yields (Niblack and Chen, 2004). By 
planting earlier, SCN eggs may still be in diapause (Niblack and Chen, 2004), favored by 
low soil temperatures (Koenning and Anand, 1991; Wang et al., 2000; Niblack and Chen, 
2004). Studies conducted in Missouri, Illinois, Iowa and Wisconsin have shown that early 
planting improved soybean yields (Pacumbaba and Tadesse, 1991; Riggs et al., 2000; 
Young et al., 2003; Pedersen and Lauer, 2004b) and dry matter accumulation (Pedersen 
and Lauer, 2004a). This improvement in soybean yields may be due to the fact that 
soybean roots are already established and less susceptible to SCN during egg hatching 
(Niblack and Chen, 2004), and due to a longer growing season allowing plants to 
accumulate more dry matter (Pacumbaba and Tadesse, 1991; Riggs et al., 2000; Young et 
al., 2003; Pedersen and Lauer, 2004a; Pedersen and Lauer, 2004b). In general, managing 
planting dates is still considered an unreliable tool to manage SCN in order to avoid grain 
yield losses in soybean (Niblack and Chen, 2004). 
Delaying planting also has been one of the cultural practices suggested to manage 
SCN since the diapause is broken early in the spring, eggs hatch, releasing SCN juveniles 
looking for a host plant (Schmitt et al., 1991). The absence of a host plant due to the 
delayed planting date results in significant mortality of these juveniles decreasing SCN 
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initial population density (Koenning and Anand, 1991; Koenning et al., 1996). 
Suppression of SCN initial population density may increase SCN reproduction rates, 
resulting in greater SCN final population densities (Koenning et al., 1996). 
In a study conducted in Kansas, delayed planting resulted in fewer eggs at harvest 
than an early planting (Todd, 1993). Nevertheless, some researchers documented higher 
SCN final population densities with delayed planting date (Koenning et al., 1996). 
Besides having the possibility of higher SCN population densities at harvest, delayed 
planting dates may also decrease grain yield due to a shorter growing season (Koenning 
and Anand, 1991; Riggs et al., 2000). In North Carolina, Koenning et al. (1993) 
concluded that the planting date effect on SCN varied based on the year and location 
where the experiment was taken place. In Georgia, planting date had no influence on 
SCN population densities; but the largest yield losses happened when planting date was 
delayed (Hussey and Boerma, 1983). 
Current SCN management recommendations for Iowa 
The most recent SCN management recommendations for SCN-infested fields in 
Iowa with low to moderate SCN population densities consist of a six year crop rotation 
sequence (Fig. 2) which alternates annually corn with SCN-susceptible and SCN-resistant 
soybean varieties. During year 1, a SCN-resistant soybean variety containing PI88788 
source of resistance is planted. A nonhost crop such as corn is planted during year 2, 4 
and 6. During year 3, it is suggested to plant a SCN-resistant soybean variety containing a 
different source of resistance from year 1, and then a SCN-susceptible soybean variety is 
planted in year 5 (Anonymous, 2003). 
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The purpose of including a SCN-susceptible variety on the management 
recommendations is to prevent race (HG type) shifts (Young and Hartwig, 1988). 
Nevertheless, early research did not demonstrate that the inclusion of SCN-susceptible 
varieties prevent the development of resistance-breaking SCN populations (Anand et al., 
1995). Some research has shown that if a SCN-susceptible variety is included in the 
management recommendations, it will slow down the adaptation of the nematode to 
SCN-resistant varieties (Young, 1998b). A SCN-resistant variety should not be grown 
following a SCN-susceptible one, unless the resistant variety has a moderate to high level 
of resistance to the SCN population race (HG type) present (Anand et al., 1995). 
Based on Iowa State University recommendations, if SCN-egg counts show 
numbers ranging from 1-16,000 eggs 100 cm"3 (following soybean crop) or from 1-
12,000 eggs 100 cm"3 (following corn) from soil samples collected either spring or fall; 
growers should initiate to manage SCN by following rotation described in Fig. 2, starting 
with year 1 (Anonymous, 2003). If SCN numbers are greater than 16,000 (following 
soybean) or 12,000 eggs 100 cm"3 (following corn), farmers should grow a nonhost crop 
annually, and sample the field every fall to watch the decrease in SCN population 
densities (Anonymous, 2003). 
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MATERIALS AND METHODS 
This study was conducted from 2004-2005 at four locations across Iowa. Two 
were in northern Iowa (Bancroft and Mason City), one was in central Iowa (Nevada), and 
the other was in southern Iowa (Crawfordsville; Table 2). Bancroft, Mason City, and 
Nevada are located in the Des Moines lobe soil region, which is known to have 
calcareous soils with moderate to high pH (Steinwand and Fenton, 1995). The main 
reason for choosing sites located in the Des Moines lobe was reports of a positive 
correlation between soil pH and SCN population densities (Tylka et al., 1998; Grau et al., 
2005). The location near Crawfordsville was included for comparison purposes between 
high and low soil pH environments because it has a lower pH than the other three 
locations. 
The experimental design was a randomized complete block in a split-split-plot 
arrangement with four replications. Main plots were two planting dates; early May that is 
the recommended planting date versus late May or approximately 3 weeks later. Bancroft 
2005, however, was first planted in June because of excessive rainfall. The sub-plots 
were four nematicide rates of aldicarb [2-methyl-2(methylthio) propionaldehyde O-
(methy 1 carbamoy 1) oxime] applied in-furrow at 0.0, 0.8, 1.7 and 2.5 kg a.i. ha"1, using 
SmartBox system technology (American Vanguard Company, Newport Beach, CA). The 
sub-subplots were ten glyphosate-resistant soybean varieties with different reactions to 
SCN (Table 3). 
Annually, planting was done in different fields which had corn (Zea mays L.) as 
the previous crop and were naturally infested with SCN. Seeds were planted in a tilled 
seedbed in 38-cm rows at 2.5 cm depth using an Almaco heavy duty drill (Almaco, 
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Nevada, IA) at a rate of 432,000 seeds ha"1. Glyphosate (N-[phosphonomethyl] glycine) 
was used twice as a post emergence herbicide at a rate of 1.12 kg a i. ha"1. After planting, 
fields were visited periodically and scouted for possible foliar symptoms of phytotoxicity 
caused by aldicarb but also for insects and diseases. Plots were 3 by 7.6 m. An area 
equivalent to the center four rows (1.5 by 6.1 m) was harvested from each plot, using an 
Almaco plot combine (Almaco, Nevada, IA). Grain yield was adjusted to a moisture 
content of 130 g kg"1. 
Soil samples were collected prior to planting and after harvest from each plot to 
determine SCN initial (Pi) and final (Pf) population densities, as number of eggs 100 cm"3 
of soil. Soil samples were analyzed for organic matter and macronutrients at the Iowa 
State University Plant and Soil Laboratory (Ames, IA). A soil sample (composite sample) 
consisted of ten 2.5-cm diameter, 15- to 20-cm deep soil cores collected in a zig-zag 
pattern from the center four rows of each plot, avoiding the outside rows. Each composite 
sample was used for soil pH analysis and for SCN extraction and egg counting 
procedures. 
Cysts of SCN were extracted from a 100 cm3 soil sub-sample from each 
composite sample by wet-sieving and decanting, based on the fact that the size of SCN 
cysts range is 470-790 |im by 210-580 |im. This is a modification of a mycological 
technique used to extract large spores of soil-inhabiting fungi (Gerdemann, 1955). 
Soybean cyst nematode eggs were released from cysts with a rubber stopper mounted on 
a bolt (Faghihi and Ferris, 2000); and after that, eggs were stained (Byrd et al., 1983) and 
counted under a dissecting microscope. 
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Bioassays determined the HG types and SCN races (Niblack et al., 2002) of SCN 
population present at each of the four locations every year. The bioassays were conducted 
in a greenhouse by the Iowa State University Nematology Laboratory (Ames, IA). In 
order to determine HG type and SCN races, HG type indicator lines (PI548402, PI88788, 
PI90763, PI437654, PI209332, PI89772, and PI548316) and a standard SCN-susceptible 
cultivar were planted in pots containing SCN-infested soils collected at harvest from each 
location, and 30 days after emergence, SCN females were removed from the roots 
manually and counted under dissecting microscope. Based on the number of SCN female 
formed on the standard SCN-susceptible cultivar and on the indicator lines, HG types and 
SCN races present at a field were determined as described in Golden et al. (1970), Riggs 
and Schmitt (1987), and Niblack et al. (2002). 
All data were subjected to an analysis of variance using PROC MIXED analysis 
(Littell et al., 1996) of SAS (SAS Institute, 2003). Mean comparisons were made using 
least squares means and Fisher's protected LSD test (P< 0.05). Correlation coefficients 
between grain yield, SCN Pi and Pf, and soil pH were analyzed using PROC CORR of 
SAS (SAS Institute, 2003). Due to addition of new soybean varieties in 2005, data from 
the two years were analyzed separately. Data from the two northern locations were 
combined because of homogeneity in terms of variance among the locations. However, 
due to differences in terms of soil pH, SCN population densities and environment, data 
from the two southern locations were not combined for analysis. 
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RESULTS AND DISCUSSION 
Rainfall and air temperature patterns varied over the two years (Table 4) and 
contributed to year variation in significance of treatment effect for grain yield and SCN 
Pf (Table 5). Average rainfall for the two locations in the northern region (Bancroft and 
Mason City) was greater than the 20-year average during the growing season. Particularly 
the month of May was wet and led to cool springs in both 2004 and 2005. The two fields 
in the northern region were flooded due to excessive rainfall during early spring of 2004, 
just after planting. In contrast, average rainfall at Crawfordsville was below the 20-year 
average during both years. At Nevada, rainfall was near the 20-year average for both 
years; however, in 2004 just after planting, the field had severe run-off problems due to 
heavy rainfall. Average air temperatures across the growing season were similar or equal 
to the 20-year average at all locations in all years. 
There was no difference observed in SCN Pi among plots within a field at all 
locations and years (data not shown), but SCN Pi varied among locations and years 
(Table 2). Soil pH ranges varied among locations and years (Table 2), but remained 
stable among plots, except for Mason City in 2004 and Nevada in 2005. 
Grain yield 
Grain yield varied among varieties and planting dates ranged from 3.0 to 5.6 Mg 
ha"1 at all locations during both years (Table 6). Most variability in grain yield was 
related to year variation. It is speculated that heavy rainfall during the spring of 2004 and 
2005 (Table 4) may have been the main factor that influenced yield during the two 
seasons in which this experiment was conducted. 
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Interactions 
Several interactions were observed among treatment effects in this study (Table 
5). A planting date X nematicide X variety interaction was observed at Nevada in 2005; 
however, the data were inconclusive and will not be discussed (data not shown). 
A planting date X variety interaction for grain yield was observed in the northern 
region during 2004 and 2005 (Table 7). In 2004, Ag2106, Ag2403, T-7234RR, and 
FC2449RR had greater yield with the early planting date than the later planting date. No 
planting date effect on yield was observed for the other varieties. In 2005, except for 
Ag2403 and T-7234RR, all varieties reached higher yields planted early than late in the 
season, A planting date X variety interaction was observed for grain yield at 
Crawfordsville in 2005 (Table 8), where L-967 and P91M90 had 10 and 18% greater 
yields at the later planting date than the earlier date (3.2 and 2.4 Mg ha"1), respectively. 
There was no apparent pattern among the sources of resistance to SCN and yield response 
to planting date at either location. Planting date X variety interaction has previously been 
reported (Carter and Boerma, 1979; Elmore, 1990; Pedersen and Lauer, 2003; and 
Pedersen and Lauer, 2004). Based on their conclusions, it is speculated that some 
soybean varieties are more adapted to a particular region and consequently able to 
respond better than other varieties to certain agronomic practices, such as early planting 
date. 
A nematicide X variety interaction for grain yield was observed at Nevada in 
2004 (Table 9). For most varieties, there was no difference in yields among the different 
rates of nematicide, except for NK-S32-G5, which had 18% greater yield at the 0.0 kg a.i. 
ha"1 rate than at the low rate of 0.8 kg a.i. ha"1. Smith et al. (1991) previously reported 
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nematicide X variety interaction for yield. They observed at one of the locations that all 
SCN-susceptible varieties had greater yields at the 2 aldicarb treatments, 2.7 and 5.4 kg 
a.i. ha"1, than no nematicide. While at another location, the same susceptible varieties had 
better yields only at the highest rate. This difference in our findings and these of Smith et 
al. (1991) may be due to the difference in rates between this study and theirs, besides 
other factors such as location. Our highest rate was lower than their lowest rate used. 
Barker et al. (1988) emphasized that one of the main reasons for such an inconsistency in 
yield and plant growth among aldicarb studies is the difference in rates. A planting date X 
nematicide interaction for yield was detected in 2005 at Crawfordsville (Table 10). The 
rate of 0.8 kg a.i. ha"1 had a 7% yield decrease when planted early compared to late 
planting. This result was seemingly in contrast to the findings of Barker et al. (1988) who 
observed a temperature effect on soybean root growth among aldicarb treatments. They 
found that plant growth increased until 22 °C and then decreased at 30 °C. Based on the 
observations by Barker et al. (1988) we expected lower yield at the early planting date 
due to the cooler temperatures. However, the temperature was not the main factor driving 
the response of the lowest nematicide rate in our study since we did not find a consistent 
planting date X nematicide interaction. Other factors that may influence soybean yield 
response to aldicarb are soil type, nematicide rate and application, moisture, and soil 
microorganisms (Noel, 1987; Barker et al., 1988). 
Main effects 
Averaged across varieties and nematicide treatments, soybean yield was 7% and 
6% higher for early versus late planting date in northern Iowa in 2004 and 2005, 
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respectively (Table 6). Koenning et al. (1993), and Pedersen and Lauer (2003) found 
similar results and concluded that this yield increase may be due to a better canopy 
development and increased photosynthetic capacity (Pedersen and Lauer, 2004). This 
grain yield increase at early planting observed in our study may not be completely related 
to improved canopy development and seasonal photosynthetic rate. Niblack and Chen 
(2004) reported that low temperatures keep SCN eggs in diapause. Consequently, if 
soybean is planted early in the season, roots will already be established and less 
susceptible to SCN by the time that most eggs hatch with the increase in temperature 
along the season. Soybean yields were 4% and 17% greater for early planting at Nevada 
and Crawfordsville during 2004, respectively (Table 6). In 2005, however, no yield 
response to planting date occurred for either location. The rainfall at Crawfordsville was 
significantly lower than the 20-year average in 2005 (Table 4). Pedersen and Lauer 
(2003) found similar results regarding no yield response to planting date and concluded 
that it may be a result of low water content in the soil that neutralized the planting date 
effect. Johnson (1987) observed similar results and concluded that abnormal 
environmental conditions, such as lack of soil moisture, could influence the soybean 
plant's yield potential at different planting dates. Even though it was not statistical 
significant, a higher incidence of sudden death syndrome or SDS (Fusarium solani) on 
the first planting date may be the main reason for the lack of yield response to planting 
date at Nevada during 2005 (data not shown). 
Differences in grain yield were observed among nematicide rates at 
Crawfordsville in 2005 (Table 6). The 0.0 kg a.i. ha"1 treatment averaged higher yield 
than any of the nematicide rates. Barker et al. (1988) observed reduced seed germination 
28 
and plant growth due to aldicarb. Because Crawfordsville had higher temperatures and 
lower precipitation than the other locations, it may have favored aldicarb to be less 
leached and more absorbed by the plants. It is speculated that this inhibition in 
germination and growth may be the reason why 0.0 kg a.i. ha"1 had greater yield than any 
other rate of aldicarb. Phytotoxicity symptoms were observed on the seedlings (data not 
shown) and could have caused a yield loss as previously described by Smith et al. (1991). 
Differences in grain yield were observed among varieties in the northern region 
during both 2004 and 2005 (Table 6). In 2004, the SCN-susceptible varieties (Ag2106, 
Ag2403, and T-7234RR) were, in general, the highest-yielding varieties in the 
experiment. In 2005, however, the top-yielding varieties were SCN-resistant varieties 
with the PI88788 source of resistance (DG33X19, 2038R, and T-7193RR). Johnson et al. 
(1993) reported that saturated soils favored the performance of SCN-susceptible varieties. 
They observed that soybean grown in wet soil conditions had SCN feeding sites located 
mostly in the root cortex; consequently, there was less interference with root water 
transport from the nematode. Thus, it is possible that the wet spring in 2004 may be the 
reason why SCN-susceptible varieties performed better than SCN-resistant varieties. In 
2005, one of the locations in the northern region had planting delayed by almost one 
month due to intense rainfall early in the spring. The shortened growing season may have 
favored the earlier MG varieties, such as DG33X19, 2038R, and T-7193RR in terms of 
yield. At Nevada, grain yield differences were also observed among varieties in both 
2004 and 2005 (Table 6). In 2004, SCN-susceptible variety FC2940RR yielded 12-14% 
better than PI88788-derived SCN-resistant varieties (SOI2858NRR, SOI2642NRR and 
PB2606NRR), and 8-10% better than Hartwig-derived SCN-resistant varieties (E2620RX 
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and E2811RX). In 2005, a variety with Hartwig-derived source of SCN resistance 
(E2620RX) had the highest yield. Previous studies by Grau et al. (2003) and Wang et al. 
(2003) reported that SCN-resistant varieties consistently had higher grain yields than 
SCN-susceptible varieties in fields infested with SCN. This consistent increased yield of 
SCN-resistant over SCN-susceptible varieties was not observed in this study during either 
year. Yield differences occurred in the northern and central region only when the 
precipitation patterns during May were below or similar to the 20-year average. The 
results indicate that most yield differences among varieties were associated with year 
variability between growing seasons. Differences in grain yield among varieties were also 
observed during 2004 and 2005 at Crawfordsville (Table 6). However, no conclusive 
pattern was observed among grain yield and SCN source of resistance for either year. The 
results from this location, with low SCN population densities (Table 2), are a good 
indicator that there is no yield difference between SCN resistant and SCN-susceptible 
varieties. All varieties planted at Crawfordsville in 2005 yielded 29-38% greater than the 
Peking-derived SCN-resistant variety, P91M90, which had excessive seed shattering 
because of the extreme dry conditions and its early maturity group for this southern 
location. The results likely reflect better adaptability to a particular region of some 
varieties over others. 
Grain yield of SCN-resistant and SCN-susceptible varieties was inversely 
correlated with soil pH, and with SCN Pi and Pf at most locations and years (Table 11). 
This result is consistent with previous observations of inverse correlations between yield 
and SCN Pi and Pf by Chen et al. (2001). However in 2004, data did not follow the trend 
seen in 2005. The lack of such a trend in 2004 may be associated with excessive rainfall 
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early in the spring at both locations in the northern region and Nevada, because soil 
wetness affects SCN feeding behavior (Johnson et al., 1993), combined with factors, such 
as other diseases and iron deficiency chlorosis. 
Soybean cyst nematode initial and final egg densities 
Soybean cyst nematode initial (Pi) egg counts ranged from 78 to 4,806 eggs 
100cm"3 soil, and final (Pf) eggs densities ranged from 59 to 9,720 eggs 100 cm"3 soil 
depending on year and location (Table 6). Most variation in SCN Pi was related to 
location whereas the variability in SCN Pf was associated both by SCN Pi, location, and 
varieties. 
Interactions 
In 2004, a planting date X nematicide X variety interaction was observed at 
Crawfordsville, but the data were inconsistent and therefore are not presented. 
A planting date X variety interaction was observed for SCN Pf at Crawfordsville 
in 2005 (Table 12). Only susceptible varieties FC2940RR and NK-S32-G5 had fewer 
eggs per 100 cm"3 soil at harvest when planted late rather than earlier. Similar results 
have previously been observed (Koenning and Anand, 1991; Todd, 1993), and Koenning 
and Anand (1991) concluded that delayed planting reduces SCN initial inoculum because 
the majority of SCN eggs hatch with the increase in temperature early in the season; thus, 
leads to fewer SCN Pf eggs. 
A nematicide X variety interaction on SCN Pf was found in Nevada in 2005 
(Table 13). Varieties containing any of the three sources of SCN resistance did not 
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respond to nematicide in terms of SCN Pf. This result indicates that an addition to 
manage SCN such as nematicide is unnecessary when resistant varieties are grown. 
Susceptible variety FC2940RR in plots with nematicide at the rate of 1.7 kg a.i. ha"1 had 
significant SCN population density increase over plots with nematicide rate at 0.0, 0.8 
and 2.5 kg a.i. ha"1. Variety NK-S32-G5 (susceptible) had less SCN eggs in plots with 0.0 
kg a.i. ha"1 nematicide than in plots with the highest rate, 2.5 kg a.i. ha"1 of nematicide. 
Both SCN-susceptible varieties had greater SCN Pf with aldicarb. Aldicarb was not 
efficient in managing SCN at Nevada. The fact that SCN-resistant varieties were efficient 
in managing SCN and that aldicarb was ineffective in controlling the nematode on SCN-
susceptible varieties are similar to the results of Noel (1987), who documented that SCN-
resistant variety was more efficient than aldicarb-treated SCN-susceptible varieties in 
reducing SCN population densities. 
Main effects 
No planting date effect on SCN Pf was observed at any of the locations for either 
2004 or 2005 (Table 6). Even though planting date is important for growers to maximize 
grain yield, altering soybean planting date should not be used as a SCN management 
strategy for Iowa. Koenning and Anand (1991) observed similar results during one year 
of a 2-year study. 
Differences in SCN Pf were found among the different nematicide rates at the 
southern location, Crawfordsville but only in 2004 (Tables 5 and 6). The two highest 
nematicide rates, 1.7 and 2.5 kg a.i. ha"1, reduced SCN Pf when compared to the 0.0 kg 
a.i. ha"1 rate. This effect of aldicarb on SCN Pf at Crawfordsville was unexpected since 
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this location had very low SCN Pi. However, it is speculated that a dry May-June may 
have been the reason for such a response; as Barker et al. (1988) observed that low 
rainfall leads to less aldicarb leaching. 
Soybean cyst nematode Pf differences were found among varieties in the 
Northern region during both years (Table 6). However, there were no SCN Pf differences 
among SCN-resistant varieties. Independent of the source of SCN resistance, plots in 
which SCN-resistant varieties were grown had fewer eggs than plots in which the SCN-
susceptible varieties were grown, illustrating the benefits of resistant varieties in 
controlling SCN population densities. These findings are consistent with observations of 
Chen et al. (2001a) in Minnesota. At Nevada, SCN Pf differences were also detected 
among varieties during both years (Table 6). But as observed in the Northern region, no 
differences in SCN Pf were detected among SCN-resistant varieties at Nevada in 2004. 
Averaged across the SCN-resistant varieties, the SCN Pf population densities were 84% 
less than SCN Pf among SCN-susceptible varieties. In 2005, the varieties with the lowest 
SCN Pf were the varieties with the Hartwig-derived source of SCN resistance. This 
consistent low SCN Pf among Hartwig-derived SCN-resistant varieties in 2005 showed 
that this source may be better adapted to manage SCN in central Iowa than other sources 
of SCN resistance. As expected, all resistant varieties had lower SCN Pf than SCN Pi in 
both years, however all three SCN-susceptible varieties also had lower SCN Pf than SCN 
Pi during 2005 growing season. 
It is possible that an SCN-parasitic fungus such as Hirsutella rhossiliensis and 
Hirsutella minnesotensis, (Liu and Chen, 2000; Liu and Chen, 2002), strongly influenced 
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SCN Pf at this field, since Liu and Chen (2000) observed high percentages of nematodes 
parasitized by these fungi in southern Minnesota. 
At Crawfordsville, differences in SCN Pf were only observed among varieties in 
2005 (Table 6). Because average precipitation for 2005 at Crawfordsville was lower than 
the 20-year average (Table 4), it is speculated that the main reason for these SCN Pf 
differences was the dry conditions that may have increased the severity of SCN 
parasitism, as previously reported (Johnson et al., 1993). 
Independently of the type of reaction to SCN of varieties, SCN Pf was highly 
dependent on SCN population densities present in the field at planting during both 
growing seasons in the northern region (Table 6). In 2004, SCN Pi was less than 2,000 
eggs 100 cm"3 soil, and SCN-resistant varieties reduced SCN population densities only 
12-47%, while SCN-susceptible varieties increased it by 62-76%. In 2005, SCN Pi was 
greater than 3,000 eggs 100 cm"3 soil, and resistant varieties reduced nematode 
population density by 48-67%, whereas susceptible varieties increased the SCN 
population by 29-59% Thus, the lower SCN Pi, the smaller the decrease in SCN Pf 
among SCN-resistant varieties and the greater the increase in SCN Pf for SCN-
susceptible varieties; and vice-versa. Koenning et al. (1996) observed similar trends and 
concluded that lower SCN Pi may encourage higher SCN Pf. However, the same trend 
was not observed at Nevada, even though SCN Pi was similar to the northern region 
during both years. Unexpectedly, susceptible and SCN-resistant varieties used at Nevada 
in 2005 reduced SCN population densities (Table 6). Among all sources of SCN 
resistance, Hartwig-derived SCN-resistant varieties had the greatest reduction in SCN 
population densities. They reduced the nematode population density up to 90%, while 
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SCN-susceptible varieties reduced it by 26-48%. It is speculated that unidentified 
microorganisms in the soil may have had a synergistic effect with SCN-resistant varieties 
in reducing SCN population densities, since SCN resistant varieties had such a great 
reduction on SCN population densities, and so did SCN-susceptible varieties. At 
Crawfordsville in 2004, most varieties had a SCN population density reduction, but in 
2005, when SCN initial population was even smaller than prior year, they had a SCN 
population increase. It is speculated that the drought in 2005 stressed most SCN-resistant 
varieties to the point that source of resistance was almost ineffective against the 
nematode. 
Most of the SCN Pi and Pf on SCN-resistant and susceptible varieties were 
positively correlated with soil pH (Table 11), showing that soils with higher pH tend to 
have greater SCN population densities. This positive correlation was mentioned in 
previous studies by Tylka et al. (1998) and Grau et al. (2003). 
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CONCLUSION 
Early planting date did not consistently show to be an effective factor in 
managing SCN population densities. However, in most cases early planting did improve 
grain yield for both SCN-resistant and SCN-susceptible soybean varieties. Except for 
Crawfordsville, neither soybean grain yield nor SCN final population densities were 
influenced by the nematicide at any location or year. This result indicates that the 
nematicide might not be useful to manage SCN and improve soybean yields in Iowa. 
All sources of SCN resistance of the soybean varieties evaluated in this study 
showed to be equally efficient in managing SCN by keeping final population densities 
equal or lower than initial population densities throughout the growing season. However, 
differences were observed in grain yield among the SCN-resistant and susceptible 
varieties. It is recommended that farmers select their varieties based on replicated trials 
across numerous locations to identify more stable varieties since resistance to SCN does 
not always mean that the variety will be able to both manage high SCN population 
densities and be high yielding. Soybean cyst nematode-resistant varieties had grain yield 
similar to SCN-susceptible varieties at the location with low SCN population densities, 
indicating that a yield disadvantage of SCN-resistant varieties is not seen today as it 
might have been few years ago. 
Overall, it was concluded that crop rotation and use of SCN-resistant varieties are 
still the recommended way to manage SCN in Iowa, even at high pH soils, which tend to 
have higher SCN population densities. Use of a nematicide in Iowa is not recommended 
as an additional SCN management strategy because of its cost and ineffective control of 
SCN population densities. 
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Figure 1. Soybean cyst nematode (H.  glycines ) disease cycle (Agrios, 1997) 
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Figure 2. Six year management strategy for Iowa (Anonymous, 2003). 
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Table 1. SCN race scheme (Riggs and Schmitt, 1987). 
Indicator lines 
Pickett Peking PI88788 PI90763 
Race (PI548402) 
1 - - + -
2 + + + -
3 - - - -
4 + + + + 
5 + - + -
6 + - - -
7 - - + + 
8 - - - + 
9 + + - -
10 + - - + 
11 - + + -
12 - + - + 
13 - + - -
14 + + - + 
15 + - + + 
16 - + + + 
Table 2. Field characteristics at two locations in the northern region (Bancroft and Mason City), and Nevada and 
Crawfordsville where the study was conducted in Iowa during 2004 and 2005. 
Northern region 
Bancroft Mason City Nevada Crawfordsville 
Latitude 
Dominant soil 
series 
Soil family 
43°3'N 
Nicollet 
fine, montmorillonitic, 
mesic Cumulic 
Haplaquolus 
43°1'N 
Floyd 
fine-loamy, mixed, 
mesic Aquic 
Hapludolls 
42°0'N 
Clarion 
fine-loamy, mixed, 
mesic Typic 
Hapludolls 
41°2'N 
Taintor 
fine, montmorillonitic, mesic 
Typic Argiaquolls 
Soil fertility! 
Average pH 
P,gkg'  
K,gkg i  
OM,gkg i$  
7.6; 6.5 
91; 3 
392;249 
76; 83 
7.9; 6.7 
156;77 
452; 339 
46; 70 
7.0; 6.5 
34; 62 
190;248 
45; 49 
6.0; 6.0 
15; 21 
158;165 
53; 59 
Planting date§ 
2004 
2005 
11 May, 4 June 
2 June, 16 June 
1 May, 4 June 
10 May, 30 May 
5 May, 4 June 
6 May, 23 May 
7 May, 27 May 
3 May, 24 May 
Harvest date 
2004 
2005 
14 October 
15 October 
9 October 
10 October 
16 October 
1 October 
25 October 
17 October 
Table 2 continued. Field characteristics at two locations in the northern region (Bancroft and Mason City), and Nevada 
and Crawfordsville where the study was conducted in Iowa during 2004 and 2005. 
SCN Pi 
2004 1,073 841 1,230 207 
2005 5,377 2,720 3,347 105 
SCN race 
2004 5 5 1 not determined^ 
2005 1 5 2 not determined^ 
HG type 
2004 2 ,7  2 ,7  2, 5,7 not determined^ 
2005 7 2, 5,7 1, 2, 5, 7 not determined]} 
f Soil fertility values for 2004 and 2005. 
$ OM, organic matter. 
§ Planting date is represented by an early and late planting at each location. 
T1 Not possible to determine due to low SCN population densities. 
Table 3. Sources of resistance to SCN and maturity groups of glyphosate-resistant soybean varieties used in the study 
conducted in the northern region (Bancroft and Mason City), and Nevada and Crawfordsville, IA from 2004 to 2005. 
Northern region Nevada and Crawfordsville 
Variety Reaction to 
SCNf 
Maturity 
group 
Variety Reaction to 
SCNf 
Maturity 
group 
DG33X19 R(PI88788) 1.9 SOI 2642NRR R(PI88788) 2.6 
T-7193RR R(PI88788) 1.9 SOI 2858NRR R(PI88788) 2.8 
203 8R R(PI88788) 2.0 PB2606NRR R(PI88788) 2.5 
P91M90J R(Peking) 1.9 P91M90J R(Peking) 1.9 
FC2449RR R(Hartwig) 2.4 E2620RX R(Hartwig) 2.6 
E2201RXJ R(Hartwig) 2.2 E2811RX R(Hartwig) 2.8 
E2620RXÏ R(Hartwig) 2.6 E2201RXJ R(Hartwig) 2.2 
Ag2106 Susceptible 2.1 NK-S32-G5 Susceptible 3.2 
T-7234RR Susceptible 2.3 FC2940RR Susceptible 2.9 
Ag2403 Susceptible 2.4 L-967 Susceptible 2.9 
f R = resistant to SCN (source of resistance in parenthesis), 
t Varieties used in 2005. 
Table 4. Rainfall and monthly air temperature at two locations in the northern region (Bancroft and Mason 
City), and Nevada and Crawfordsville, IA in 2004 and 2005. Departures from 20-yr mean are shown in 
parentheses. 
Rainfall 
Year Location May June July August September Mean 
2004 
mm 
Bancroft 187 (84) 92 (-39) 142 (26) 27 (-65) 126 (59) 115 (13) 
Mason City 336(214) 98 (-34) 148 (20) 98 (-1) 123 (49) 160(49) 
Nevada 208(88) 91 (-30) 50 (-70) 132 (20) 34 (-45) 103 (-8) 
Crawfordsville 187(61) 41 (-66) 120 (19) 128 (33) 33 (-56) 102 (-2) 
2005 
Bancroft 204(101) 109 (-22) 117(1) 107(15) 157(90) 139 (37) 
Mason City 146 (24) 188(56) 93 (-35) 98 (-1) 218(144) 149 (38) 
Nevada 111 (-9) 124 (3) 104 (-16) 172 (60) 111 (32) 124(13) 
Crawfordsville 37 (-89) 83 (-24) 63 (-38) 72 (-23) 46 (-43) 60 (-44) 
Table 4 continued. Rainfall and monthly air temperature at two locations in the northern region (Bancroft and 
Mason City), and Nevada and Crawfordsville, IA in 2004 and 2005. Departures from 20-yr mean are shown in 
parentheses. 
Mean monthly air temperatures 
°C 
2004 
Bancroft 13 (-2) 18 (-3) 20 (-2) 18 (-3) 18(2) 18 (-1) 
Mason City 14 (-1) 19 (-1) 21 (-1) 18 (-3) 18(2) 18 (-1) 
Nevada 17(1) 20 (-1) 22 (-1) 19 (-2) 20(2) 20(0) 
Crawfordsville 17(0) 21 (-1) 22 (-2) 19 (-4) 19(0) 20 (-1) 
Bancroft 13 (-2) 22(1) 22 (0) 20 (-1) 18(1) 19(0) 
Mason City 13 (-2) 22(2) 23 (1) 21(0) 18(2) 19(0) 
Nevada 16(0) 23(2) 24(1) 22 (0) 21(3) 21 (1) 
Crawfordsville 15 (-2) 23 (1) 24 (0) 23 (0) 20(1) 21(0) 
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Table 5. Analysis results of variance of grain yield and SCN final population 
density at harvest (Pf) at two locations in the northern region (Bancroft and Mason 
City) and at Nevada and Crawfordsville, IA in 2004 and 2005. 
Northern 
region Nevada Crawfordsville 
Main effects 2004 2005 2004 2005 2004 2005 
Grain yield 
Date (D) * * ** NS * NS 
Nematicide (N) NSf NS NS NS NS * * * 
D xN NS NS NS NS NS * 
Variety (V) * * * * * * * * * * * * * * * * 
Dx V * * * NS NS NS 
N x V NS NS * NS NS NS 
D  x N x  V  NS NS NS * NS NS 
Pf 
Date (D) NS NS NS NS NS NS 
Nematicide (N) NS NS NS NS * NS 
D xN NS NS NS NS NS NS 
Variety (V) * * * * * * * * * * * * NS * * * 
Dx V NS NS NS NS NS * * * 
N x V NS NS NS * NS NS 
D  x N x  V  NS NS NS NS * NS 
* ** *** significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
f NS, no significant differences at P < 0.05. 
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Table 6. Effect of planting date, nematicide and variety on grain yield, SCN 
initial (Pi) and final (Pf) population densities at two locations in the northern 
region (Bancroft and Mason City), and Nevada and Crawfordsville, IA in 2004 
and 2005. 
Main effects 
Grain yield Pi Pf 
2004 2005 2004 2005 2004 2005 
Mg ha"1 Ggg 100 cm"3 
Northern region 
Planting date 
Early May 4.1 5.3 841 4058 1512 3580 
Late May 3.8 5.0 941 4039 1593 3562 
LSD (0.05) 0.3 0.2 NS NS NS NS 
Nematicide 
0.0 kg a.i. ha"1 3.9 5.2 909 4228 1538 3309 
0.8 kg a.i. ha"1 3.9 5.2 909 4264 1565 3559 
1.7 kg a.i. ha"1 3.9 5.2 937 3981 1536 3846 
2.5 kg a.i. ha"1 3.9 5.1 810 3723 1569 3569 
LSD (0.05) NSf NS NS NS NS NS 
Variety 
203 8R 4.1 5.5 863 4175 657 2006 
Ag2106 4.4 4.6 838 4005 3441 9720 
Ag2403 4.4 5.2 1030 4059 3210 7434 
DG33X19 4.0 5.6 685 4806 602 2134 
E2201RX 
_t 4.5 3920 1394 
E2620RX 5.1 3370 1841 
FC2449RR 3.4 5.3 763 3864 643 2159 
P91M90 4.9 4223 1378 
T-7193RR 4.1 5.5 1166 4152 623 2153 
T-7234RR 4.2 5.4 833 3914 2189 5488 
LSD (0.05) 0.2 0.1 NS NS 524 907 
Nevada 
Planting date 
Early May 4.7 4.6 1261 3334 1848 1106 
Late May 4.5 4.6 1272 3361 1958 1449 
LSD (0.05) 0.1 NS NS NS NS NS 
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Table 6 continued. Effect of planting date, nematicide and variety on grain 
yield, SCN initial (Pi) and final (Pf) population densities at two locations in the 
northern region (Bancroft and Mason City), and Nevada and Crawfordsville, IA 
in 2004 and 2005. 
Nematicide 
0.0 kg a.i. ha"1 4.6 4.6 1303 2819 1745 1111 
0.8 kg a.i. ha"1 4.5 4.6 1306 3696 2106 1254 
1.7 kg a.i. ha"1 4.6 4.6 1133 2851 1816 1415 
2.5 kg a.i. ha"1 4.5 4.6 1323 4024 1946 1329 
LSD (0.05) NS NS NS NS NS NS 
Variety 
E2201RX 3.8 3616 922 
E2620RX 4.7 5.0 1307 3106 665 522 
E2811RX 4.6 4.9 1424 3319 323 344 
FC2940RR 5.1 4.6 1139 3634 4153 2675 
L-967 4.8 4.4 1398 3191 3789 1672 
NK-S32-G5 4.5 4.3 1091 3266 3375 1700 
P91M90 4.5 3231 1022 
PB2606NRR 4.4 4.9 1387 2575 819 1122 
SOI 2642NRR 4.5 4.7 1206 3506 577 1356 
SOI 2858NRR 4.5 4.8 1402 4031 684 1438 
LSD (0.05) 0.4 0.3 NS NS 1108 643 
Crawfordsville 
Planting date 
Early May 4.6 3.4 166 101 116 288 
Late May 3.8 3.5 245 109 109 153 
LSD (0.05) 0.6 NS 66 NS NS NS 
Nematicide 
0.0 kg a.i. ha"1 4.4 3.6 218 120 170 225 
0.8 kg a.i. ha"1 4.2 3.5 216 96 118 131 
1.7 kg a.i. ha"1 4.2 3.3 198 104 84 259 
2.5 kg a.i. ha"1 4.2 3.3 190 101 79 266 
LSD (0.05) NS 0.1 NS NS 66 NS 
57 
Table 6 continued. Effect of planting date, nematicide and variety on grain 
yield, SCN initial (Pi) and final (Pf) population densities at two locations in the 
northern region (Bancroft and Mason City), and Nevada and Crawfordsville, IA 
in 2004 and 2005. 
Variety 
E2201RX 3.0 97 128 
E2620RX 4.4 3.4 266 125 78 125 
E2811RX 4.2 3.1 184 97 66 213 
FC2940RR 4.4 3.8 213 78 109 319 
L-967 4.4 3.4 197 119 156 222 
NK-S32-G5 4.1 3.8 191 109 194 653 
P91M90 2.4 106 100 
PB2606NRR 4.2 3.8 180 116 125 147 
SOI 2642NRR 4.1 3.7 222 97 59 131 
SOI 2858NRR 4.3 3.9 144 109 91 166 
LSD (0.05) 0.3 0.2 NS NS NS 203 
f NS = no significant differences at P < 0.05. 
$ Not tested in 2004. 
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Table 7. Planting date by variety interaction on grain yield at two locations in the northern 
region (Bancroft and Mason City), IA in 2004 and 2005. 
Grain yield 
2004 2005 
Variety Early May Late May Early May Late May 
Mg ha"1 
203 8R 3.7 3.6 5.1 4.8 
Ag2106 4.1 3.7 4.3 3.9 
Ag2403 4.1 3.8 4.7 4.6 
DG33X19 3.6 3.5 5.1 4.9 
E2201RX 
_t 4.3 3.7 
E2620RX 4.8 4.3 
FC2449RR 3.4 2.7 4.9 4.6 
P91M90 4.7 4.2 
T-7193RR 3.7 3.7 5.0 4.8 
T-7234RR 4.0 3.6 4.8 4.7 
LSD (0.05) 03 02 
f Not tested in 2004. 
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Table 8. Planting date by variety interaction on grain 
yield at Crawfordsville, IA in 2005. 
Grain yield 
Variety Early May Late May 
Mg ha"1 
E2201RX 2.6 2.8 
E2620RX 3.1 2.9 
E2811RX 2.9 2.7 
FC2940RR 3.4 3.3 
L-967 2.9 3.2 
NK-S32-G5 3.4 3.3 
P91M90 1.9 2.4 
PB2606NRR 3.4 3.4 
SOI2642NRR 3.2 3.4 
SOI2858NRR 3.6 3.4 
LSD (0.05) 03 
Table 9. Nematicide by variety interaction on grain yield at Nevada, IA in 2004. 
Grain yield 
Variety 0.0 kg a.i. ha"1 0.8 kg a.i. ha"1 1.7 kg a.i. ha"1 2.5 kg a.i. ha"1 
Mg ha"1 
E2620RX 4.3 4.3 4.1 4.2 
E2811RX 4.1 4.4 3.8 4.0 
FC2940RR 4.3 5.0 4.4 4.5 
L-967 4.1 4.2 4.5 4.1 
NK-S32-G5 4.3 3.5 4.2 4.2 
PB2606NRR 3.9 3.9 4.0 3.9 
SOI2642NRR 4.2 3.8 4.0 4.1 
SOI2858NRR 4.3 3.6 4.0 4.0 
LSD (0.05) 08 
61 
Table 10. Planting date by nematicide interaction on 
grain yield at Crawfordsville, IA in 2005. 
Grain yield 
Nematicide Early May Late May 
Mg ha"1 
0.0 kg a.i. ha"1 3.1 3.2 
0.8 kg a.i. ha"1 3.0 3.3 
1.7 kg a.i. ha"1 3.1 2.9 
2.5 kg a.i. ha"1 2.9 3.0 
LSD (0.05) 0.3 
Table 11. Correlation coefficients (r) between soil pH, grain yield, SCN initial population at planting 
(Pi) and SCN final population at harvest (Pf) for SCN-resistant and SCN-susceptible varieties at two 
locations in the northern region (Bancroft and Mason City), and Nevada and Crawfordsville, IA in 
2004 and 2005. 
Northern region 
Soil pH 
Grain yield 
Pi 
Grain yield 
2004 
0.35 * * * 
2005 
-0.83 * * * 
Pi 
2004 2005 
SCN-resistant varieties 
0.39*** 0.46*** 
0.19*** -0.36*** 
Pf 
2004 
0.36*** 
0.14** 
0.36*** 
2005 
0.37*** 
-0.25*** 
0.35*** 
Nevada 
Soil pH 
Grain yield 
Pi 
-0.05 -0.24 * * * 0.48*** 
0.08 
0.73*** 
-0.22*** 
0.04 
-0.25*** 
0.01 
0.43*** 
-0.13 
0.55*** 
Crawfordsville 
Soil pH 
Grain yield 
Pi 
-0.14" -0.11 -0.18* 
-0.12 
0.27*** 
0.01 
0.11 
-0.09 
0.01 
-0.02 
0.16* 
-0.06 
Table 11 continued. Correlation coefficients (r) between soil pH, grain yield, SCN initial population at 
planting (Pi) and SCN final population at harvest (Pf) for SCN-resistant and SCN-susceptible varieties 
at two locations in the northern region (Bancroft and Mason City), and Nevada and Crawfordsville, IA 
in 2004 and 2005. 
Northern region 
Soil pH -0.11 -0.81*** 
SCN-susceotible varieties 
Q 37*** Q 4Ç)*** 0.30*** 0.08 
Grain yield -0.02 -0.40*** 0.02 -0.19** 
Pi 
— — — — 
0.35*** 0.19** 
Nevada 
Soil pH 0.12 -0.47*** 0.48*** 0.68*** -0.06 0.46*** 
Grain yield 0.03 -0.42*** -0.23** -0.19 
Pi 
— — — — 
-0.11 0.48*** 
Crawfordsville 
Soil pH -0.15 -0.26** -0.18* 0.17 -0.01 Q 42***  
Grain yield -0.21* -0.05 -0.01 0.12 
Pi 0.04 0.16 
* ** *** significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
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Table 12. Planting date by variety interaction on SCN 
final population at harvest (Pf) at Crawfordsville, IA in 
2005. 
Pf 
Variety Early May Late May 
eggs 100 cm"3 soil 
E2201RX 125 131 
E2620RX 175 75 
E2811RX 219 206 
FC2940RR 513 125 
L-967 269 175 
NK-S32-G5 1088 219 
P91M90 125 75 
PB2606NRR 113 181 
SOI2642NRR 113 150 
SOI2858NRR 144 188 
LSD (0.05) 356 
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Table 13. Nematicide by variety interaction on SCN final population at harvest (Pf) at 
Nevada, IA in 2005. 
Pf 
Variety 0.0 kg a.i. ha"1 0.8 kg a.i. ha"1 1.7 kg a.i. ha"1 2.5 kg a.i. ha"1 
eggs 100 cm"3 soil 
E2201RX 763 813 1200 913 
E2620RX 688 350 263 788 
E2811RX 238 388 288 463 
FC2940RR 1738 2113 4651 2200 
L-967 2375 1575 1100 1638 
NK-S32-G5 963 1950 1363 2525 
P91M90 713 600 1825 950 
PB2606NRR 900 1050 1013 1525 
SOI2642NRR 1013 1913 1625 875 
SOI2858NRR 1725 1788 825 1413 
LSD (0.05) 1327 
